Background and Purpose-Higher risk and burden of stroke have been observed within the southeastern states (the Stroke Belt) compared with elsewhere in the United States. We examined reasons for these disparities using a large data set from a nationwide cross-sectional study. Methods-Self-reported data from the 2005 and 2007 Behavioral Risk Factor Surveillance System were used (nϭ765 368).
T he risk and burden of stroke do not equally affect populations in different regions. Higher stroke mortality has long been found common among residents of the southeastern states (Stroke Belt region). 1, 2 Although much is known about the excess burden of stroke in some regions, the reasons for these disparities are less well understood. Suggested potential contributors for the regional difference in stroke mortality were geographic differences in the distribution of major cerebrovascular disease risk factors such as high blood pressure (including lifestyle characteristics leading to hypertension), diabetes, heart disease, cigarette smoking, and obesity, and differences in socioeconomic factors and environmental factors such as soil and water characteristics. 3, 4 However, many of the hypotheses were based on descriptive or ecological observations. [3] [4] [5] [6] Available person-level data were not linked to person-level data on stroke, 7 limited to a few geographic regions, or did not have large numbers of strokes among both white and black samples from the Stroke Belt states. 8 -10 Identifying the factors contributing to stroke disparities is a necessary first step in developing appropriate interventions to eliminate the disparities. To accomplish this goal, we used large person-level self-reported data sets from the 2005 and 2007 Behavioral Risk Factor Surveillance System (BRFSS) to examine and quantitatively estimate the contribution of selected indicators for demographics (race/ethnicity), socioeconomic status (education and income), risk factors (smoking, obesity), and chronic diseases (hypertension, diabetes, coronary heart disease) to the excess prevalence of stroke in the Stroke Belt region of the country.
Materials and Methods

Data Source
The BRFSS is a nationwide, state-based, annual cross-sectional health survey. 11 More than 300 000 interviews are completed each year, making BRFSS the largest telephone health survey in the world. The survey uses a multistage, random-digit-dialing method to gather a representative sample from each state's noninstitutionalized, civilian residents aged Ն18 years. Respondents were considered to have had a stroke if they answered "yes" to the question "Has a doctor, nurse, or other health professional ever told you that you had a stroke?" The presence of other medical conditions was assessed by similar questions for hypertension, diabetes, and coronary heart disease (including questions on heart attack or myocardial infarction and angina or coronary heart disease). Smoking status was categorized as follows: never smoked (Ͻ100 cigarettes in lifetime), currently smoke (smoked at least 100 cigarettes in lifetime and currently smoke everyday or some days), or formerly smoked (at least 100 cigarettes in lifetime but not currently smoking). Respondents were asked to report their height and weight. Persons with body mass index Ն25 kg/m 2 were defined as overweight, and persons with body mass index Ն30 kg/m 2 were defined as obese.
Respondents were asked to report the racial group that best represented their race (eg, white, black, Asian and Pacific Islander, American Indian). In a separate question, they were asked if they were Hispanic or Latino. Respondents were asked to select one of the following 8 categories of the annual household income (in dollars) from all sources: Ͻ10 000, 10 000 to Ͻ15 000, 15 000 to Ͻ20 000, 20 000 to Ͻ25 000, 25 000 to Ͻ35 000, 35 000 to Ͻ50 000, 50 000 to Ͻ75 000, and Ն75,000. They were also asked the highest grade or year of school completed for the following 6 categories: never attended school or only kindergarten, Grades 1 to 8 (elementary), Grades 9 to 11 (some high school), Grade 12 or GED (high school graduate or equivalent), college 1 to 3 years (some college or technical school), and college Ն4 years (college graduate).
Data Analysis
We used the definition from the National Heart Lung and Blood Institute of "Stroke Belt" 3 as the 11 states that had the highest age-adjusted stroke mortality rate in 1980: Alabama, Arkansas, Georgia, Indiana, Kentucky, Louisiana, Mississippi, North Carolina, South Carolina, Tennessee, and Virginia. The remaining 39 states and the District of Columbia combined were defined as the "nonStroke Belt." For the current study, self-reported race was classified as black, white, or other racial groups regardless of Hispanic origin. The 2 test was used to compare persons in Stroke Belt states with those in non-Stroke Belt states by demographics (age, sex, race, and Hispanic origin), socioeconomic status (education and income), risk factors (overweight, obesity, and smoking status), and prevalence of selected chronic diseases (hypertension, diabetes, and coronary heart disease). The age-standardized prevalence of self-reported stroke was calculated by the direct method using the 2000 US population as the standard. Logistic regression analysis was used to examine the independent impact of geographic region on stroke prevalence adjusting for other covariates (ie, demographics, socioeconomic status, risk factors, and other chronic diseases) and to obtain adjusted ORs and 95% CIs. By entering various covariates in a step-by-step manner, we assessed their contribution to the regional difference in stroke prevalence. First, we compared Stroke Belt versus non-Stroke Belt in a basic model, adjusting for age and sex (with additional adjustment for Hispanic origin in the later models). Then we included race/ethnicity and region simultaneously in the model in addition to age and sex to examine whether race was the contributing factor for the regional difference in stroke prevalence. Based on this model, we further entered either socioeconomic variables or risk factors and chronic diseases variables into the model. The final model included all covariates. To estimate the contribution of a covariate or a group of covariates in the excess stroke prevalence in the Stroke Belt region, we calculated the percentage change of the OR with and without the covariate(s) using the following formula:
where OR 1 represents OR derived from the basic model; OR 2 , OR after adjusting for additional covariate(s); and 1.0, OR when there was no excess risk.
The analysis included 153 106 respondents from the Stroke Belt region with 6615 cases of stroke and 612 262 respondents with 21 347 cases of stroke from the non-Stroke Belt region. The software, SUDAAN, was used to analyze these data using a complex sample design. Table 1 summarizes the demographic and health characteristics of adults aged Ն18 in Stroke Belt versus non-Stroke Belt states. The 2 regions had similar age and sex distribution, although the Stroke Belt had a somewhat lower proportion of older adults aged Ն65. The Stroke Belt had a greater proportion of blacks than did the non-Stroke Belt, whereas a higher proportion of Hispanics lived in non-Stroke Belt states. Residents of the Stroke Belt were less likely to be college graduates and had lower income levels and a higher prevalence of obesity, current smoking, hypertension, diabetes, and coronary heart disease than those in non-Stroke Belt states (PϽ0.0001). Table 2 shows the age-standardized prevalence (and 95% CI) of self-reported stroke by region (overall, whites, and blacks). The overall prevalence of stroke was 2.50% (95% CI, 2.43 to 2.56) for noninstitutionalized adults in the 50 states and the District of Columbia. Comparing the 2 geographic regions, the prevalence of stroke was significantly higher in the Stroke Belt than in the non-Stroke Belt region for all racial groups combined and for whites (PϽ0.001). Although blacks in the Stroke Belt region had a higher prevalence of stroke than blacks in the non-Stroke Belt region, the difference was not statistically significant (Pϭ0.413).
Results
Logistic regression analysis was performed to examine the possible reasons for the excess stroke prevalence in the Stroke Belt (Table 3 ). The age-and sex-adjusted OR comparing stroke prevalence in the Stroke Belt versus non-Stroke Belt was 1.25 (the first model, basic model, in Table 3 ). After we additionally adjusted for race/ethnicity (including blacks, whites, and other racial groups as well as Hispanic origin in the model), the OR was reduced to 1.20 indicating that the difference in race/ethnicity distributions between the 2 comparison regions accounted for approximately 20% of the excess stroke risk in the Stroke Belt. The OR was further reduced to 1.12 after we additionally adjusted for socioeconomic status (education and income), a reduction of over one half (52%) from the age-and sex-adjusted OR. Hence, socioeconomic status (differences in educational attainment and income) alone accounted for 32% (ie, 52% minus 20%) of the excess risk. Differences in race/ethnicity and the prevalence of risk factors (overweight, obesity, and smoking) and chronic diseases (hypertension, diabetes, and coronary heart disease; without adjustment for socioeconomic status) also accounted for half (52%) of the excess stroke risk in the Stroke Belt; 32% was the result of the risk factors and chronic diseases alone. When all the covariates were included in the model, the adjusted OR was 1.07 (95% CI, 1.02 to 1.13). Race/ ethnicity, socioeconomic status, risk factor, and chronic disease variables were all independently associated with stroke risk (data not shown) and explained approximately three fourths (72%) of the excess stroke risk between the Stroke Belt and non-Stroke Belt regions.
We performed the following additional analyses: (1) using the "Expanded Stroke Belt" 3 with 2 additional states (Oklahoma and Texas) adding to the original 11 Stroke Belt states; (2) using the 12 states with the highest stroke mortality in 2004 to 2005 as the high stroke risk region (Alabama, Tennessee, South Carolina, Arkansas, North Carolina, Oklahoma, Oregon, Louisiana, Mississippi, Georgia, Virginia, and Kentucky); and (3) limiting the analyses to persons Ն35 years of age. The results were similar to those presented in Table 3 . The ORs were 1.08 to 1.09 comparing high with low stroke risk regions in the fully adjusted logistic models. Race/ethnicity, socioeconomic status, risk factors, and chronic diseases explained 64% to 68% of excess stroke risk. 
Discussion
In an earlier brief report of 23 states and the District of Columbia in 2003, we found that the differences in education level, risk factors, and chronic diseases accounted for 46% of the difference in stroke prevalence between southeastern states and nonsoutheastern states. 12 The current study reported here included multiple years' data in all 50 states and the District of Columbia with a much bigger sample size. These national cross-sectional data demonstrate that the prevalence of stroke was significantly higher in the Stroke Belt region than in the non-Stroke Belt region. Although a greater proportion of blacks lived in the Stroke Belt region, this factor combined with the lower prevalence of Hispanics accounted for only approximately one fifth of excess risk in the Stroke Belt. In addition to race/ethnicity, socioeconomic indicators such as education and income, risk factors (overweight, obesity, and smoking), and prevalent chronic diseases (hypertension, diabetes, and coronary heart disease) were the primary contributors to geographic difference in stroke prevalence. These factors combined accounted for approximately three fourths of the excess stroke prevalence in the Stroke Belt.
Higher stroke death rates have been observed in the southeastern region of the United States than in other regions for approximately 50 years. 1, 2 Most of the proposed hypotheses for the region difference were based on descriptive or ecological observations. For example, regional variations in the prevalence of hypertension 5, 6 followed a pattern similar to the reported stroke mortality. Hence, the excess hypertension in the southeastern United States has been thought to contribute to a higher risk of stroke in the Stroke Belt. Socioeconomic status is associated with both stroke risk factors and increased stroke risk 13 and aggregate levels of socioeconomic status are lower in the Southeast than the rest of the nation. 14 This led to the hypothesis that the stroke belt may be attributable, at least in part, to regional differences in socioeconomic status. 3, 4 The observation that the coastal southeast had very soft water and has had very high stroke mortality suggested the possibility that water hardness may help to explain the high stroke risk in the Stroke Belt. 3 There is a practical advantage of ecological observation that makes it appealing for hypothesis generation. However, the ecological method has inherent weakness and it poses major problems in making biological inferences due to ecological bias (ecological fallacy). 15 The strength of the current study is that we were able to study person-level data on the stroke outcome (prevalence) as well as demographic characteristics, a geographic indicator (state), socioeconomic indicators, risk factors, and current chronic disease status.
Limited studies have examined the impact of factors on the elevated stroke risk in the Stroke Belt using person-level data. 8, 9 In the National Health and Nutrition Examination Survey I Epidemiological Followup Study, Gillum et al found that the major cardiovascular risk factors played a minor role in accounting for the excess incidence of stroke in the southeast region. 8 In the evaluation of social status as a contributing factor to stroke mortality in the Stroke Belt region, the National Longitudinal Mortality Study showed that socioeconomic status does not appear to be a major contributor to the excess mortality. 9 Less than 16% of this excess stroke mortality was attributable to socioeconomic status. Data on other stroke risk factors were not available in this study, however. In our study, socioeconomic status variables alone accounted for approximately 32% of excess stroke prevalence. Collectively, all the factors considered in this report explain approximately three fourths of the regional difference in stroke prevalence. The remaining effect accounting for the difference could be attributable to residual confounding resulting from incomplete adjustment for hypertension, diabetes, or socioeconomic status. For example, blacks are more likely to have hypertension and more likely to be pharmacologically treated, but they are less likely to Note: Race/ethnicity includes a race variable (whites, blacks, or other racial groups) and a second ethnicity variable for Hispanic origin (yes/no). Socioeconomic status (SES) measured by education and family income level. Risk factors include overweight, obesity, and smoking status. Chronic diseases include hypertension, diabetes, and coronary heart disease.
*Percentage of the excess prevalence of stroke in the Stroke Belt that was accounted for by adding the covariates (in addition to age and sex) in the logistic regression model. achieve blood pressure control. 16 Adjusting for prevalence of hypertension did not account for this "residual" confounder. The residual confounding of socioeconomic status measured by education and income has been well described. 17 The etiology for stroke risk is multifaceted and related to various factors. However, the study reported here indicates that socioeconomic status, hypertension, diabetes, coronary heart disease, and smoking are still the basic crucial contributors to the disparities. Most of these factors are either modifiable or potentially amenable to interventions. Given these findings, public health interventions are key to reducing the stroke burden in the Stroke Belt region. Stroke is a process that begins with developing risk factors and continues through caring for stroke patients. Policy-level interventions include improving social and physical environments by promoting emergency and health systems policies that eliminate unequal access to preventive, treatment, and rehabilitation services; public education ranges from educating the public on risk factor prevention and control to recognizing stroke signs and symptoms and taking appropriate responses. The interventions also include primary prevention of stroke risk factors beginning in early life and secondary prevention of stroke. As the public health community successfully translates and implements evidence-based interventions to practice in the population level, we should be able to eliminate most of the geographic disparity in stroke.
There are several limitations in this study. Data were collected through a cross-sectional telephone survey. Institutionalized persons, persons without a landline telephone, and persons not able to answer questions because of strokerelated disability were not included. Self-reported data are subject to misclassification. Validation studies showed that a single question on stroke history had sensitivity between 80% and 95% and specificity between 96% and 99%. 18, 19 Approximately 6% to 10% of the self-reported strokes may be accurately transient ischemic attacks. 19 Nonetheless, studies have concluded that simple questionnaire can be confidently used in assessing the prevalence of stroke at the population level. 18, 19 Other measures such as self-reported age, sex, race/ethnicity, education, income, current smoker, awareness of having hypertension or diabetes, and obesity have been shown to have high or moderate reliability and validity. 20 We assume that any bias resulting from the methodological limitations occurred in all regions.
This study examined nonfatal stroke prevalence, not stroke mortality or incidence. Data from the Greater Cincinnati/ Northern Kentucky region suggest that excess stroke mortality rates seen in blacks are likely the result of excess stroke incidence and not case fatality. 21 Although we examined nonfatal prevalent stroke only, incidence, prevalence, and mortality of stroke in the population are closely interrelated. We correlated 2005 adult stroke mortality from 50 states and the District of Columbia with stroke prevalence at the state level from 2005 BRFSS (Figure) . States with higher agestandardized stroke prevalence also had a higher agestandardized stroke mortality rate (rϭ0.52, PϽ0.01). The main factors related to disparity in stroke mortality are likely to be similar to those related to disparity in stroke prevalence. The implications of this study on stroke prevalence in the United States can be applied to similar issues on stroke mortality.
In conclusion, our findings suggest that currently known risk factors and socioeconomic status account for most of the difference in self-reported stroke prevalence in the Stroke Belt and non-Stroke Belt regions. To eliminate these stroke disparities, public health measures targeted at improving social determinants of health (educational attainment and income) and risk factor prevention/control should be given a high priority to disproportionately affected regions.
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Figure.
Correlation between age-standardized stroke prevalence (percent) and stroke mortality (per 100 000 adult populations) among 50 states and the District of Columbia in 2005. Data on stroke prevalence were from the BRFSS. Data on stroke mortality were from the state vital statistics with stroke as the underlying cause of death.
